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INTERNATIONAL APP. NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED 
PCT/EP99/07003 15 September 1999 18 September 1998 

TITLE OF INVENTION 

PROCESS FOR THE PRODUCTION OF A NAPHTHYRIDINE CARBOXYLIC ACID 
DERIVATIVE (METHANESULFONATE SESQUIHYDRATE) 

APPLICANT(S) FOR DO/US 

Jerome Francis HAYES, Timothy Charles WALSGROVE, and Andrew Stephen WELLS 
Box PCT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 
ATTENTION: DO/US 

PRELIMINARY AMENDMENT 

Sir: 

Prior to the first Office Action on the merits, the Applicants request entry of the 
following amendment. 

IN THE CLAIMS: 



Please amend claims 4, 6 ? 7 ? and 8 to read as follows: 

4. (Once Amended) A process according to claim 1 wherein the ratio of water 
miscible cosolvent : water is in the range 10:1 to 1:2 v/v. 



6. (Once Amended) A process according to claim 1 wherein the ratio of 7-(3- 
aminomethyl-4-syn-methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6-fluoro-4-oxo- 1 ,4- 
dihydro-l,8-naphthyridine-3-carboxylic acid : solvent is up to 1:100 w/v. 

7. (Once Amended) A process according to claim 1 which uses from 0.7 to 1.5 mole 
equivalents of methanesulfonic acid. 



International Application No.: PCT/EP99/07003 
International Filing Date: 15 September 1999 

8. (Once Amended) A process according to claim 1 wherein the recrystallisation 
solution is seeded with 7-(3-aminomethyl-4-syn-methoxyiminopyrrolidin-l-yl)-l-cyclopropyl- 
6-fluoro~4-oxo-l ,4-dihydro-l ,8-naphthyridine-3-carboxylic acid methanesulfonate 
sesquihydrate to aid crystallisation. 

Please add new claims 11-18 as follows: 

1 1 . (New) A process for the production of 7-(3-aminomethyl-4-syn- 
methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6-fluoro-4-oxo- 1 ,4-dihydro- 1 ,8-naphthyridine- 
3-carboxylic acid methanesulfonate sesquihydrate which comprises: 

(a) reacting 7-(3-aminomethyl-4-methoxyiminopyrrolidin-l-yl)- l-cyclopropyl-6- 
fluoro-4-oxo-l,4-dihydro-l,8-naphthyridine-3-carboxylic acid and 
methanesulfonic acid in solution with a solvent comprising at least one Ci. 4 
alcohol and water, wherein from 0.7 to 1 .5 mole equivalents of 
methanesulfonic acid is used, the ratio of 7-(3-aminomethyl-4-yyn- 
methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6-fiuoro-4-oxo- 1 ,4-dihydro- 1 ,8- 
naphthyridine-3-carboxylic acid : solvent is up to 1:100 w/v, and the ratio of 
Ci„ 4 alcohol : water is in the range 10:1 to 1:2 v/v, and 

(b) isolating the resulting solid product. 

A process according to claim 1 1 wherein the C x . 4 alcohol is isopropanol. 

A process according to claim 1 1 wherein the ratio of Ci_ 4 alcohol : water is 2:1 v/v. 

A process according to claim 1 1 wherein the recrystallisation solution is seeded with 7- 
(3-aminomethyl-4- l yyn-methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6-fluoro-4-oxo- 1 ,4- 
dihydro- l,8-naphthyridine-3-carboxylic acid methanesulfonate sesquihydrate to aid 
crystallisation. 

15. A process according to claim 14 wherein the solution is seeded whilst at a temperature 
of>25°C. 

16. A process according to claim 14 wherein the solution is seeded whilst at a temperature 
of about 30°C. 

17. 7-(3-aminomethyl-4-5y/z-methoxyiminopyrrolidin-l-yl)-l-cyclopropyl-6-fluoro-4- 
oxo-l,4-dihydro-l,8-naphthyridine-3-carboxylic acid methanesulfonate sesquihydrate 
prepared by the process of claim L 



12. 

13 
14. 
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18. 7-(3 -aminomethyl-4-syn-methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6-fluoro-4- 
oxo-l,4-dihydro-l,8-naphthyridine-3-carboxylic acid methanesulfonate sesquihydrate 
prepared by the process of claim 11. 



Upon entry of this Preliminary Amendment, claims 1-18 will be pending in the 
application. Claims 4, 6, 7 and 8 have been amended to delete multiple dependent claim 
language and to correct an inadvertent typographical error in claim 7. New claims 11-18 are 
being added. Support for this amendment is found in the claims as originally filed and in the 
specification at page 2, lines 17-18. No new matter is being added. 

Attached hereto is a marked-up version of the changes made to claims 4, 6, 7 and 8 by 
the current amendment. The attached page is captioned "Version with markings to show 
changes made." 



GLAXOSMITHKLINE 

Corporate Intellectual Property UW2220 

P.O. Box 1539 

King of Prussia, PA 19406-0939 
Phone (610) 270-6897 
Facsimile (610) 270-5090 
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Respectfully submitted, 




Loretta J. Henderson 
Attorney for Applicants 
Registration No. 37,347 
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Version with markings to show changes made 

Preliminary Amendment to claims 4, 6, 7 and 8 dated March 15, 2001: 

4. (Once Amended) A process according to [any one of the preceding claimsl claim 1 
wherein the ratio of water miscible cosolvent : water is in the range 10: 1 to 1:2 v/v. 

6. (Once Amended) A process according to [any one of the preceding claimsl claim 1 
wherein the ratio of 7-(3-aminomethyl-4-5jn-methoxyiminopyrrolidin-l-yl)-l-cyclopropyl-6- 
fluoro-4-oxo-l ? 4-dihydro-l,8-naphthyridine-3-carboxylic acid : solvent is up to 1:100 w/v. 

7. (Once Amended) A process according to [any one of the preceding claimsl claim 1 
which uses from 0.7 to [mole] 1.5 mole equivalents of methanesulfonic acid. 

8. (Once Amended) A process according to [any one of the preceding claimsl claim 1 
wherein the recrystallisation solution is seeded with 7-(3-aminomethyl-4-5jn- 
methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6-fluoro-4-oxo- 1 ,4-dihydro- 1 ,8-naphthyridine- 
3-carboxylic acid methanesulfonate sesquihydrate to aid crystallisation. 
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The present invention relates to a process for the production of a naphthyridine 
carboxylic acid derivative having antibacterial activity. 

EP 688772 discloses novel naphthyridine carboxylic acid derivatives, including 
anhydrous (R,S)-7-(3-aminomethyl-4-methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6- 
fluoro-4-oxo-l,4-dihydro-l ? 8-naphthyridine-3-carboxylic acid of formula I, having 

antibacterial activity. 

O 

OOH 




NHL 
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WO 98/42705 (published after the priority date of the present application) 
discloses (R 5 S)-7-(3-aminomethyl-4-^-methoxyimino-pyrrolidin- 1 -yl)-l -cyclopropyl-6- 
fluoro-4-oxo-l,4-dihydro-l,8-naphthyridine-3-carboxylic acid methanesulfonate and 
hydrates thereof including the sesquihydrate (the "methanesulfonate sesquihydrate"). 
WO 98/42705 discloses a process for the production of the methanesulfonate 
sesquihydrate comprising reaction of the corresponding free base with methanesulfonic 
acid in dichloromethane / ethanol followed by recrystallisation of the resulting crude salt 
anhydrate from either water : acetone (10:7 v/v), or water : ethanol (1 :2 v/v). The overall 
yield for this two step process is 70-80%. An alternative process for the production of the 
methanesulfonate sesquihydrate described in WO 98/42705 comprises exposing a solvate 
of the methanesulfonate (ethanol 0.1 1%) to high relative humidity (nitrogen >93% 
humidity). 

The present invention relates to an improved process for the production of the 
methanesulfonate sesquihydrate which comprises direct salt and hydrate formation. 

According to the invention there is provided a process for the production of 7-(3- 
aminomethy 1-4-^-methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6-fluoro-4-oxo- 1 ,4- 
dihydro-l,8-naphthyridine-3-carboxylic acid methanesulfonate sesquihydrate which 
comprises reacting 7-(3-aminomethyl-4-5y?2-methoxyiminopyrrolidin-l-yl)-l- 
cyclopropyl-6-fluoro-4-oxo- 1 ,4-dihydro- 1 ,8-naphthyridine-3-carboxylic acid and 
methanesulfonic acid in a solvent comprising at least one water miscible cosolvent and 
water, and isolating the resulting solid product. 
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The 7-(3-aminomethyl-4-5y«-methoxyiminopyrrolidin- 1 -yl)- 1 -cycIopropyl-6- 
fluoro-4-oxo-l 5 4-dihydro-l,8-naphthyridine-3-carboxylic acid (hereinafter referred to as 
"the free base") used in the process of the invention may be prepared as described in EP 
688772. 

5 Water miscible cosolvents which may be used in the process of the invention 

include C,. g alcohols, acetonitrile and dimethylformamide. The water miscible cosolvent 
is preferably a C M alcohol or a mixture thereof, e.g. methanol, ethanol and propanol; the 
preferred Cj^ alcohol is isopropanol. 

In addition to at least one water miscible cosolvent and water the solvent may 
10 contain other components, such as C M haloalkanes. However, the solvent preferably 
comprises essentially of a water miscible cosolvent and water. 

Suitable ratios of water miscible cosolvent ; water for use in the process of the 
invention include ratios in the range 10:1 to 1:2 v/v, preferred ratios are in the range 10:1 
to 1 :1 v/v, more preferably a ratio of water miscible cosolvent : water of 2:1 v/v is used. 
15 Any suitable ratio of free base to solvent may be used, for example, a ratio of up 

to 1:100 w/v, particularly a ratio of about 1 :9 w/v. 

The process of the invention may suitably use from 0.7 to >3 mole equivalents 
of methanesulfonic acid, preferably 0.7 to L5 equivalents, more preferably 0.9 to 1.5 
equivalents, especially about 1.0 equivalent of methanesulfonic acid (based on the free 
20 base). 

The mixture of the free base and methanesulfonic acid may be warmed in the 
solvent to aid dissolution. On cooling the methanesulfonate sesquihydrate will crystallise 
out of solution. To aid crystallisation the solution may be seeded with a small quantity of 
solid methanesulfonate sesquihydrate. In order to obtain polymorphically pure 
25 methanesulfonate sesquihydrate it is preferable that seeding of the solution is completed 

before crystallisation begins. Seeding of the crystallisation solution is preferably performed 
at a temperature > 25 °C, for example at a temperature of about 30°C. 

The process of the invention may be used to produce racemic methanesulfonate 
sesquihydrate or may be used for the production of enantiomerically enriched or 
30 enantiomerically pure methanesulfonate sesquihydrate, using racemic or enantiomerically 
enriched or enantiomerically pure free base. Enantiomerically enriched or enantiomerically 
pure free base may be prepared by resolution of the racemic free base, e.g. by chiral HPLC. 

The process according to the invention has the advantage that direct salt formation 
eliminates one step in the synthesis and gives a high yield of high purity methanesulfonate 
35 sesquihydrate. In turn these advantages result in improved throughput and savings in labour 
and materials costs during manufacture. 

All publications, including but not limited to patents and patent applications, cited 
in this specification are herein incorporated by reference as if each individual publication 
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were specifically and individually indicated to be incorporated by reference herein as 
though fully set forth. 

The invention is illustrated by the following example. However, it should be 
understood that the example is intended to illustrate but not in any manner limit the scope 
5 of the invention. 



Example 1 : Preparation of the methanesulfonate sesquihydrate 

To a suspension of (R ? S)-7-(3-aminomethyl-4-5.yn-methoxyiminopyrrolidin-l- 
yl)- 1 -cyclopropyl-6-fluoro-4-oxo- 1 ,4-dihydro- 1 ? 8-naphthyridine-3-carboxylic acid (20.00 

10 g 9 51 A mmol) in isopropanol (120 ml) and water (60 ml) was added methanesulfonic acid 
(3.300 ml, 50.9 mmol) at 38-40°C. The resultant dark brown solution was stirred for 15 
min after which time charcoal (6.00 g of Darco G-60) was added. The suspension was 
stirred at 38-40°C for 4h then filtered. The filtrate was allows to cool to 30°C and seed 
crystals of (R,S)-7-(3 -aminomethyl-4-^-methoxyiminopyrrolidin- 1 -y 1)- 1 -cyclopropy 1- 

1 5 6-fluoro-4-oxo- 1 ,4-dihydro- 1 ,8-naphthyridine-3-carboxylic acid methanesulfonate 
sesquihydrate (15 mg) added. A precipitate began to form within 1 5 min. The 
suspension was allowed to cool to 20-23 °C over 90 min and was stirred for 36h. The 
slurry was cooled to 0-5°C for 60 min then filtered and washed with isopropanol (50 ml 
and 44 ml). The product was sucked dry for 30 min and then further dried at 50-55°C 

20 under vacuum. The dried product was exposed to the atmosphere for 1 8h to give the 
methanesulfonate sesquihydrate 21.29 g (85%), purity >99.5% by HPLC. 

The X-ray diffraction pattern of the methanesulfonate sesquihydrate was 



measured as follows: 

Diffractometer type: PW1710 BASED 

25 Tube anode: Cu 

Generator tension [kV] : 40 

Generator current [mA]: 30 

Wavelength Alpha! [A] : 1 ,54060 

Wavelength AIpha2 [A]: 1 .54439 

30 Intensity ratio (alpha l/alpha2): 0,500 

Divergence slit: AUTOMATIC 

Irradiated length [mm]: 12 

Receiving slit: 0 . 1 

Spinner: ON 

35 Monochromator used: YES 

Start angle [°20]: 3.500 

End angle [°20]: 35.000 

Step size [°29]: 0.020 
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Maximum intensity: 2970.250 

Time per step [s]: 2.300 

Type of scan: STEP 

Minimum peak tip width: 0.10 

Maximum peak tip width: 1 .00 

Peak base width: 2.00 

Minimum significance: 0.50 



The X-ray diffraction pattern of the methanesulfonate sesquihydrate is shown in 
JjgureJ^ The compound shows characteristic peaks at 29 = 8.2, 12.2 and 14.6°, 
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CLAIMS 



1 . A process for the production of 7-(3-aminomethyl-4-5yn- 
methoxyiminopyrrolidin- 1 -yl)- 1 -cyclopropyl-6-fluoro-4-oxo-l ,4-dihydro- 1 ,8- 

5 naphthyridine-3-carboxyIic acid methanesulfonate sesquihydrate which comprises 

reacting 7-(3-aminomethyl-4-methoxyimmopyrrolidin- 1 -yl)- 1 -cyciopropyI-6-fluoro-4- 
oxo-l,4-dihydro-l,8-naphthyridine-3-carboxyIic acid and methanesulfonic acid in a 
solvent comprising at least one least one water miscible cosolvent and water, and 
isolating the resulting solid product. 

10 

2. A process according to claim 1 wherein the water miscible cosolvent is a C M 
alcohol 



3. A process according to claim 2 wherein the water miscible cosolvent is 
1 5 isopropanol. 



4. A process according to any one of the preceding claims wherein the ratio of 

water miscible cosolvent : water is in the range 10:1 to 1:2 v/v. 



W 20 5 . A process according to claim 4 wherein the ratio of water miscible cosolvent : 
water is 2:1 v/v. 

6. A process according to any one of the preceding claims wherein the ratio of 7- 
(3 -aminomethy 1-4-syrt-methoxy iminopyrrolidin- 1 -yl)- 1 -cy clopropy l-6-fluoro-4-oxo- 1 ,4- 

25 dihydro-l,8-naphthyridine-3-carboxylic acid : solvent is up to 1 :100 w/v. 

7. A process according to any one of the preceding claims which uses from 0.7 to 
mole 1 .5 equivalents of methanesulfonic acid. 



30 8. A process according to any one of the preceding claims wherein the 

recrystallisation solution is seeded with 7-(3 -aminomethy i-4-^w-methoxyiminopyrrolidm- 
1 -yl)- 1 -cyclopropyl-6-fluoro-4-oxo-l ? 4-dihydro- 1 ,8-naphthyridine-3-carboxylic acid 
methanesulfonate sesquihydrate to aid crystallisation. 

35 9. A process according to claim 8 wherein the solution is seeded whilst at a 
temperature of > 25°C. 



10. A process according to claim 9 wherein the solution is seeded whilst at a 
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temperature of about 30°C. 
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ABSTRACT 

A PROCESS FOR THE PRODUCTION OF A NAPHTHYRIDINE CARBOXYLIC 

ACID DERIVATIVE 



A process for the production of a naphthyridine carboxylic acid derivative 
having antibacterial activity. 



Docket No.: P32147 PCT/EP99/07003 

DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which 
a patent is sought on the invention entitled: 

PROCESS FOR THE PRODUCTION OF A NAPHTHYRIDINE CARBOXYUC ACID DERIVATIVE 

(METHANESULFONATE SESQUIHYDRATE) 

the specification of which (check one) 
[ ] is attached hereto. 

[ X ] was filed on 15 September 1999 as Serial No. PCT/EP99/07003 
and was amended on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability as defined in Title 
37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19(a)-(d) or Section 
365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of any PCT 
International application which designated at least one country other than the United States, listed 
below and have also identified below any foreign application for patent or Inventor's certificate, or PCT 
International application having a filing date before that of the application on which priority is claimed. 

Prior Foreign Application(s) 

Number Country Filing Date Priority Claimed 

9820405.0 GB 18 September 1998 Yes 

I hereby claim the benefit under Title 35, United States Code, Section 1 19(e) of any United States 
provisional application(s) listed below. 

Application Number Filing Date 



I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States 
application(s) or Section 365(c) of any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed 
in the prior United States or PCT International application in the manner provided by the first paragraph 
of Title 35, United States Code, Section 1 12, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the national or PCT international filing date 
of this application. 

Serial No. Filing Date Status 



I hereby appoint the practitioners associated with the Customer Number provided below to prosecute 
this application and to transact all business in the Patent and Trademark Office connected therewith, 
and direct that all correspondence be addressed to that Customer Number: 



Customer Number 20462. 



Address all correspondence and telephone calls to Edward R Gimmi , SmithKline Beecham 
Corporation, Corporate Intellectual Proprety-U.S., UW2220, P.O. Box 1539, King of Prussia, 
Pennsylvania 19406-0939, whose telephone number is 610-270-4478. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

Full Name of Inventor: Jerome Francis HAYES 





Inventor's Signatur^^^r^ ^^^-^ Day lQ, Q^^AsYl/XJl ^L^> O \ 



Residence: Tonbridge,JKent, United Kingdom 

c 

Citizenship: British 



Post Office Address: GlaxoSmithKline 

Corporate Intellectual Property - UW2220 
P.O. Box 1539 

King of Prussia, Pennsylvania 19406-0939 



Full Name of Inventor: Timothy Charles WALSGROVE 

inventor's Signature: J^^jd^ Ci«JL> ^jL>^«g^3 Date^ / ao-fefe^oi 
Residence: Tunbridge Wells, Kent, United Kingdom 

Citizenship: British 




Post Office Address: GlaxoSmithKline 

Corporate intellectual Property - UW2220 
P.O. Box 1539 

King of Prussia, Pennsylvania 19406-0939 



Full Name of Inventor: Andrew Stephen WELLS 

Inventor's Signature: A^rlJL Date: 5 Mt*JL IjZXH 

Residence: Quorn, Leicestershire, United Kingdom 

Citizenship: British 

Post Office Address: GlaxoSmithKiine 

Corporate Intellectual Property - UW2220 
P.O. Box 1539 

King of Prussia, Pennsylvania 19406-0939 
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